Water-soluble vitamin, niacin, and its related compounds were examined for their diŠerentiation-inducing activity in human promyelocytic leukemia cells (HL-60). Among the compounds, which inhibited cell proliferation measured by MTT assay, isonicotinic acid, nicotinamide N-oxide, and nicotinamide induced NBT reducing activity. HL-60 cells were diŠerentiated into granulocyte-like cells by these compounds, judging from morphological changes and loss of nonspeciˆc esterase activity. The diŠerentiation-inducing activity of water-soluble vitamin and its related compounds suggest that these compounds may be applicable for medical use.
Human promyelocytic leukemia HL-60 cell line has been used as a model system for studying diŠerentiation of leukemic cells. HL-60 cells can be induced diŠerentiation into granulocyte-like or monocyte W macrophage-like cells by various agents, e.g. all-trans-retinoic acid (ATRA), 1) dimethyl sulfoxide (DMSO), 2) and 12-O-tetradecanoyl phorbol 13-acetate (TPA). 3) As diŠerentiated cells lose their proliferative and tumor-forming abilities, diŠerentia-tion inducers may be useful for the treatment of leukemia. 4) In fact, ATRA is used for treatment of patients and it has induced complete remissions. 5) Niacin, which is a general name of nicotinic acid and nicotinamide, belongs to the water-soluble vitamins, and is converted to NAD in vivo. NAD is an important coenzyme in various reduction-oxidation reactions to obtain energy, etc. NAD is also a substrate for poly(ADP-ribose) polymerization enzymes. Poly(ADP-ribose) polymerase (EC 2.4.2.30: PARP) catalyzes a post-translatioal modiˆcation of nuclear proteins in many eukaryotic cells and has been suggested to be involved in DNA repair, DNA replication, sister chromatid exchanges, and cell diŠerentia-tion. 6) Besides protein modiˆcation, NAD is also used for the synthesis of cyclic ADP-ribose (cADPR) which wasˆrst found in sea urchin eggs as a novel intracellular messenger with Ca 2＋ -mobilizing activity.
7)
It is interesting that accumulation of cADPR was found in diŠerentiated HL-60 with ATRA. 8) Moreover, niacin and its related compounds have also various pharmacological eŠects, for example, nicotinic acid has an action of vascular extension and decreases the level of serum cholesterol. 9) We have been studying niacin and its related compounds toˆnd unknown physiological and pharmacological functions. Recently, we found that several niacin-related compounds, particularly picolinic acid, dipicolinic acid, and isonicotinamide, induced apoptosis in HL-60 cells and other human cancer cells, [10] [11] [12] and several other niacin-related compounds had an antioxidative ability. 13) Reports on diŠerentiation-inducing activity of niacin-related compounds are rarely found. 14) Thus, in this study, we have investigated the diŠerentiation-inducing activity of niacin-related compounds in HL-60 cells.
HL-60 cells were cultured in RPMI 1640 medium (Gibco BRL Co., Grand Island, NY) containing 10z (v W v) heat-inactivated fetal bovine serum (FBS) (Gibco BRL Co., Grand Island, NY), 100 mg W ml streptomycin, 100 U W ml penicillin G, and 2 mM Lglutamine in a humidiˆed atmosphere of 5z CO2 in air at 379 C. To induce diŠerentiation, HL-60 cells were seeded at a cell density of 10 5 W ml in medium containing 5z FBS and were treated with 0.1-30 mM various niacin-related compounds for the indicated time. Niacin and its related compounds were obtained from Nacalai Tesque Inc. (Kyoto, Japan), Sigma Chemical Co. (St. Louis, MO), and Tokyo Kasei Kogyo Co. (Tokyo, Japan). These compounds were dissolved in PBS (-).
Cell viability was measured by LDH assay that is one of the cytotoxicity assays. Release of cytosolic lactate dehydrogenase (LDH) activity into the media was measured by the method of Thomas Decker et al. 15) Cell proliferation was measured by MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] assay. Cells were incubated with MTT solution (0.5 mM) for 4 h, 0.04 N HCl in isopropanol was added, and the amount of formazan formed was assayed spectrophotometrically at 550 nm with a microplate reader for 96-well plates (Model MPRA4iII, Tosoh Co., Tokyo, Japan). Cell diŠerentia-tion was measured by NBT reduction, 16) morphological changes, and esterase activity. Morphologic diŠerentiation was assessed on slide preparations of cells stained with Giemsa. Nonspeciˆc esterase (NSE) activity in cells was observed by staining with anaphthyl butyrate as a substrate of this enzyme and was examined with a microscope.
Atˆrst, niacin and its related compounds were examined for their antiproliferative activity in HL-60 cells. As shown in Table 1 , 6-aminonicotinamide, 3-acetylpyridine, nicotinic acid hydrazide, isonicotinic acid hydrazide, isonicotinic acid, lutidinic acid, isocinchomeronic acid, nicotinamide, nicotinic acid, trigonelline, and nicotinamide N-oxide inhibited proliferation of HL-60 cells by the percentages of 40-75z without loss of cell viability, conˆrmed by LDH assay. Compounds that had no eŠect on cell proliferation were picolinic acid, picolinamide, isonicotinamide, dinicotinic acid, dipicolinic acid, quinolinic acid, cinchomeronic acid, nicotinuric acid, nicotinic acid N-oxide, 1-methylnicotinamide, N?-methylnicotinamide, 6-aminonicotinic acid, and pyridine. Then the proliferation-inhibitory compounds shown in Table 1 were examined for their diŠerentiation-inducing activity. At the described concentrations, isonicotinic acid, nicotinamide, and nicotinamide N-oxide (structures of these compounds are shown in Fig. 1 ) induced NBT-reducing activities in HL-60 cells 2.5-fold to 3-fold as compared with the control (Table 1 ). The diŠerentiation-inducing activities of these compounds were comparable to the activity of DMSO and were lower than the activity of ATRA as positive controls of diŠeren-tiation.
Then morphological changes of treated HL-60 cells were observed by Giemsa staining (Fig. 2-A) . Large and round nuclei were found in untreated HL-60 cells. On the other hand, in the cells treated with niacin-related compounds, banded and seg- mented nuclei were found, and similar morphological changes were observed in ATRA-treated HL-60 cells. These results suggest that these niacin-related compounds induced granulocyte-like diŠerentiation in HL-60 cells. To conˆrm theseˆndings, expression of NSE, which is observed speciˆcally in monocyte W macrophage cells, were examined. These changes were observed only in TPA-treated cells (Fig. 2-B) .
From all data obtained in this study, it was veriˆed that isonicotinic acid, nicotinamide N-oxide, and nicotinamide induced granulocyte-like diŠerentiation in human promyelocytic leukemia HL-60 cells, although it was indicated that these niacin-related compounds do not have apoptosis-inducing activity in HL-60 cells in our previous studies. 10, 11) Nicotinamide was already identiˆed as an inducer of granulocyte-like diŠerentiation by Shima et al. in 1989, 14) and the result obtained in our study is in agreement with their result and we obtained more detailed information on diŠerentiation-inducing activity of nicotinamide.
Isonicotinic acid is a main metabolite of isonicotinic acid hydrazide, which is a well known useful therapeutic drug for tuberculosis, 17) and its antioxidant activity was found in our previous study.
13 ) It is clearly demonstrated that administration of isonicotinic acid to mice had no carcinogenic eŠect. 18) Nevertheless, in the isonicotinic acid-treated mice, life expansion, decreased incidence of breast adenocarcinomas, and prolongation of their latent periods were observed. 19) It is likely that these eŠects of isonicotinic acid are related to its diŠerentiation-inducing activity in leukemia cells. On the other hand, nicotinamide N-oxide is a metabolite of nicotinamide. In mammalian livers and eyes, reducing enzymes of nicotinamide N-oxide exist 20, 21) and it has been suggested that the compound plays a role as a biological oxygenating agent. 22) Furthermore, the importance of reactive oxygen species during the phase of diŠerenti-ation in leukemia cells was reported. It is suggested that nicotinamide N-oxide may have an important role for the oxygen donor during diŠerentiation. 23, 24) It is necessary to elucidate the mechanism of the diŠerentiation induction in leukemia cells by niacinrelated compounds.
In our investigation, comparatively high concentrations of niacin-related compounds were needed for the induction of diŠerentiation in HL-60 cells. At rst, we consider that this result may be related to low permeability of niacin-related compounds through the cell membrane due to the structure, the electric charge, and high water-solubility of these compounds. We think of applying these results, especially in theˆeld of medicine, because it is wellknown that the abnormality of the regulation of diŠerentiation results in leukemia. Therefore, it is desirable that diŠerentiation is induced eŠectively at a low concentration. We are trying to solve this problem at present. Moreover, we may need to consider another possibility. We want to investigate the toxicity of niacin-related compounds, which have diŠeren-tiation-inducing activity, in animals and measure the eŠectiveness of these compounds on the tumor growth in animals. We hope these studies provide some useful information to medical use of niacin and its related compounds for antitumor therapeutics.
